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[0018] 

[Problem to be Solved by the Invention] 

However, none of the conventional techniques takes into consideration the use of 
the soft-decision Viterbi decoding in a differential PSK modulation system. 
[0019] In a nl4 shift differential quadrature PSK modulation system (tc/4 shift DQPSK 
modulation system), for example, a phase to be transmitted at the (2n+1)-th turn takes any 
one of (0, 7t/2, n, 3n/2) and a phase to be transmitted at the 2n-th turn takes any on of (n/4, 
37c/4, 57i/4, 77i/4) while the detected phase takes any value from 0 to 2p depending on its 
receiving condition. Thus one of the four phases is selected according to the order in 
which the phases are detected at the demodulator and their values. As the selected phase 
is a relative phase, a difference between the phases being detected consecutively is 
determined. The phase difference results in any one of (n/4, 3n/4, 5tc/4, 7n/4). These 
phase differences correspond to (0, 0), (0, 1), (1, 1), and (1, 0) respectively, and therefore, 
transmitted bits can be determined by calculating the phase differences. 
[0020] In contrast to a hard-decision decoding which can directly use obtained bit strings, 
the soft-decision Viterbi decoding uses probability (likelihood) of taking a particular bit value 
rather than the bit value itself in determining an optimum path on the trellis chart. Therefore, 
the soft-decision Viterbi decoding requires a process of calculating a likelihood of taking a 
particular bit string when the bit string is obtained from phase detection of a received carrier. 
For a system of differential type, the bit likelihood depends on the likelihood for each of 
phases received consecutively and its calculation has been very difficult task to be solved. 
[0021] The present invention provides a soft-decision Viterbi decoding method that solves 
the difficulty in the bit likelihood calculation associated with the conventional technique when 
the use of the soft-decision Viterbi decoding in a differential PSK modulation system is taken 
into consideration. 
[0022] 

[Means for Solving Problems] 

In order to solve the above problems, according to the present invention, when a 
convolutional code is modulated by a DQPSK system that assigns a bit string to the 
difference of phases from carriers received consecutively over time based on Gray encoding, 
a detected phase of a carrier that is detected at the receiving end is converted to a bit 



likelihood by a soft-decision data calculation process to use the resulting bit likelihood for 
soft-decision Viterbi decoding. 

[0023] Specifically, the soft-decision data calculation process includes: a phase selection 
process for comparing a detected phase from a carrier detected at the receiving end with a 
specific phase transmitted by the differential phase shift keying system to select the two 
specific phases having a small absolute value of the phase shift; a phase likelihood 
computation process for computing a phase likelihood using a function that monotonically 
decreases relative to the size of the phase shift, takes the largest value of the likelihood 
when the absolute value of the phase shift is 0, and takes the smallest value of the likelihood 
when the absolute value of the phase shift is (27t/the number of specific phases transmitted 
by the differential phase shift keying system); and a phase difference computation process 
for calculating four different phases by using a combination of two phases each selected 
consecutively overtime based on the result from the phase likelihood computation process. 
[0024] The soft-decision data calculation process further includes: a phase difference 
likelihood computation process for calculating a phase difference likelihood of each phase 
difference as a smaller likelihood for the phases used in calculating the phase differences; a 
phase difference selection process for selecting a first phase difference having the largest 
phase difference likelihood and selecting a second phase difference having the largest 
phase difference likelihood from among phase differences other than the first phase 
difference; a corresponding bit read and bit likelihood computation process for reading a 
plurality of bits contained in a bit string that corresponds to the first phase difference and for 
calculating a bit likelihood assuming that the likelihood of each of the bits is equal to the 
likelihood of the first phase difference; and a bit likelihood correction process for correcting 
the bit likelihood such that a likelihood of a bit from the bits contained in the bit string 
corresponding to the first phase difference which is equal to a bit contained in the bit string 
corresponding to the second phase difference is designated as the largest value. The 
result of the bit likelihood correction process is then used for metric computation in a Viterbi 
algorithm. 
[0025] 

[Effects] According to the present invention, by constituting the soft-decision Viterbi 
decoding method as described above, during the conversion from a phase of the received 
carrier to a bit likelihood, two phases in proximity to each other are first selected by the 
phase selection process from given phases transmitted by a n/4 shift DQPSK system 
according to the order in which the phase signals are input. A phase likelihood is 
calculated by the phase likelihood computation process according to an absolute value of 
the phase shift from the given phase. A phase difference is then obtained by the phase 



difference computation process from two phases selected consecutively over time. A 
smaller likelihood for the phases used when obtaining the phase difference is designated as 
a phase difference likelihood by the phase difference likelihood computation process. Two 
phase differences are selected by the phase difference selection process from those having 
a larger phase difference likelihood. 

[0026] A likelihood of the bit string corresponding to the selected phase difference is then 
designated by the corresponding bit read and bit likelihood computation process as a 
likelihood of the selected phase difference, followed by the bit likelihood correction process 
where calculation is performed according to the value of a first candidate and a second 
candidate of the selected phase difference. By using the corrected bit likelihood for metric 
computation in a Viterbi algorithm, an appropriate regenerative signal is obtained. The 
problem mentioned above is thus solved. 
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